The objective of this study is to demonstrate the relationship between the volume of a parathyroid adenoma and the preoperative biochemical parameters in patients undergoing surgery for primary hyperparathyroidism. Methods: The medical records of 68 patients who underwent a parathyroidectomy for a single parathyroid adenoma were retrospectively reviewed. The volume of the adenoma was estimated using its measured size and a mathematical formula. The correlation between the volume of the parathyroid adenoma and the preoperative laboratory data was assessed. Results: There were no correlations between the estimated volume of the adenoma and the serum calcium, alkaline phosphatase and parathyroid hormone levels. However, the volume of the adenoma was associated with the preoperative level of serum phosphorus. After excluding 5 adenomas with cystic degeneration, a positive correlation was noted between the adenoma volume and the preoperative levels of alkaline phosphatase and parathyroid hormone. Conclusion: The preoperative serum levels of calcium, alkaline phosphatase and parathyroid hormone are of limited use to predict the volume of the parathyroid adenoma in patients with a single parathyroid adenoma. We suggest that the absence of a correlation between the volume of the adenoma and the biochemical parameters can be attributed to the cystic degeneration of the adenomas. (Endocrinol Metab 26:62-66, 2011) 
INTRODUCTION
Single parathyroid adenoma is the most common cause of primary hyperparathyroidism [1] . Primary hyperparathyroidism can be cured by surgical removal of the adenoma. Recently, on account of preoperatively imaging modality including technetium 99 m sestamibi scintigraphy and ultrasonography, minimally invasive procedures are becoming increasingly common [2] . The measurement of the intraoperative parathyroid hormone level also helps localize an adenoma [3, 4] . Despite the advancement of localizing techniques, none of the currently available modalities has reached perfection in terms of an ability to localize an adenoma.
The relationship between the size of an adenoma and the biochemical parameters such as serum calcium, phosphorus and parathyroid hormone in a case of primary hyperparathyroidism is unclear. If a relationship exists between the size of the adenoma and the biochemical parameters, radiologist and surgeon could get additional information predicting size of the adenoma by biochemical parameters. And formulating a sense of size of the functioning adenoma by biochemical parameters helps to localize adenoma in case of multiple nodules in neck sonography.
According to previous studies, the relationship between preoperative laboratory parameters and the size of an adenoma could vary. In 1987, Dubost et al. [5] reported that the parathyroid hormone level was not correlated with the weight of the adenoma in patients with primary hyperparathyroidism. However, several papers in the 1980s reported that the volume or weight of the adenoma was significantly correlated with the serum calcium and parathyroid hormone levels [6] [7] [8] . In 1995, Hedback et al. [9] reported that the adenoma weight was significantly related to the risk of death in 713 patients with a single parathyroid gland disease. This group also found a significant correlation between the glandular weight and the preoperative serum calcium level. Recently, Randhawa et al. [10] concluded that there was no correlation between preoperative biochemical markers of calcium homeostasis and the adenoma weight or volume. Other researchers also rehttp://www.enm-kes.org ported similar results [11] [12] [13] . To date, data from various studies show conflicting result.
Parathyroid adenomas could have various pathologic features. In some patients, primary hyperparathyroidism spontaneously remits through parathyroid apoplexy [14, 15] . McCoy et al. [16] found that cystic parathyroid lesions were common in the pathologic findings of primary hyperparathyroidism. These pathologic changes can have an effect on laboratory parameters. To our knowledge, there was no study to evaluate relationship of parathyroid adenoma volume and biochemical parameters with consideration of pathologic findings. In this study, we aimed to identify laboratory parameters that predict the size of a parathyroid adenoma while considering pathologic changes in patients with primary hyperparathyroidism.
METHODS

Subjects
From January of 2000 to May of 2008, 131 patients were diagnosed with primary hyperparathyroidism at Seoul National University Hospital. A retrospective review of hospital records of these patients was performed. Among these patients, 36 were not indicated as having undergone a parathyroidectomy, having been treated without surgery. Two patients underwent radiofrequency ablation due to concomitant medical conditions. Ninety three patients were operated on at the same hospital. Among the patients who underwent surgery, patients with double adenoma (n = 1), hyperplasia (n = 6), carcinoma (n = 6), hypercalcemic crisis upon admission (serum calcium level greater than 15 mg/dL; n = 4) [17] , chronic renal failure (serum creatinine level greater than 1.5 mg/ dL; n = 5), active malignancy (n = 2), and multiple endocrine neoplasia type 1 (n = 1) were excluded. The data from 68 patients who were diagnosed with single parathyroid adenoma after surgery were analyzed.
Methods
Preoperative laboratory data including serum calcium, phosphorus, alkaline phosphatase, and parathyroid hormone levels were used in the analysis. Serum parathyroid hormone was measured preoperatively by means of immunoradiometric assay (Cis Bio International, Gif-Sur-Yvette, Cedex, France). The excised parathyroid adenomas were evaluated by an experienced pathologist. The size of the parathyroid adenoma was measured. The volume of the adenomas was calculated using the mathematical formula shown be-low for the volume of an ellipsoid object: estimated volume = π/6 × a × b × c (a: the major axis, b: the minor axis, c: height, π = 3.14159) [18] [19] [20] . In a gross pathology examination, the pathologist described presence of necrosis, cystic change and hemorrhage of the parathyroid adenoma.
Statistical analysis
Statistical analyses were carried out using SPSS 16 
RESULTS
Among the 68 patients, 26 patients were men and 42 were women. (Table 3 ).
DISCUSSION
In this study, we hypothesized that preoperative biochemical parameters would have a predictive value regarding the size of the adenoma. However, there was no correlation between the volume of the adenoma and the serum calcium, parathyroid hormone, or alkaline phosphatase levels. Previous studies attempted to demonstrate a relationship between the size of the adenoma and various biochemical parameters (Table 4 ). In the majority of earlier studies, there was an association between the parathyroid hormone level and the volume or weight of the parathyroid adenoma [6] [7] [8] 13, 18, 21, 22] . A positive correlation between the serum calcium level and either the adenoma weight or volume has also been reported [6] [7] [8] [9] 18, 22] . However, other studies have not shown any correlation between these variables [5, [10] [11] [12] 23] . In this study, we could not demonstrate a correlation between the volume of the adenoma and either the level of intact parathyroid hormone or serum calcium. Thus, preoperative serum markers are unreliable to predict the adenoma volume. Our data showed a significant correlation between the serum phosphorus level and the adenoma volume, contradicting a number of earlier studies [18, 23] . Further studies are warranted to confirm our observation.
In this study, 5 adenomas showed cystic lesions (4 adenomas; cystic lesion only, 1 adenoma; cystic change and hemorrhage). The incidence of cystic parathyroid adenoma (7.4%) was higher than that found in a large previous study (3%) [16] . The cystic adenoma was larger than the adenoma without cystic change. However, there was no difference in the biochemical parameters in both groups.
When 5 cystic adenomas were removed from the analysis, the correlation between the volume of the adenoma and the levels of alkaline phosphatase and parathyroid hormone were significant.
However, the association between the level of serum phosphorus and the adenoma volume disappeared. Thus, our results indicate that biochemical parameters could be affected by pathology of adenoma. The cystic change of adenoma is considered as a major determinant of biochemical markers in large sized adenoma.
In spite of the exclusion of confounding variables such as the existence of renal failure, data from earlier studies did not reach a consensus regarding a relationship between laboratory tests and adenoma volume. Various explanations are possible in relation to this discordance. One explanation for these contradictory results may be the pathologic differences between the adenomas in each study. A smaller proportion of parathyroid hormone secreting cells in a larger adenoma could result from a greater proportion of the adenoma being composed of cystic change or hemorrhage [12] . If cases of a study include many adenomas with pathologic changes such as cystic formation, necrosis or hemorrhage, a correlation between the volume of the adenoma and biochemical parameters would not exist. In most previous studies, the specific pathologic features of the adenomas were not described. In this study, we suggest that cystic change of the parathyroid adenoma is an important pathologic feature that causes discrepancies between biochemical parameters and the volume of the adenoma.
The etiology of parathyroid cyst formation remains a question.
Various theories have been proposed [24] . Functioning parathyroid cyst may result from degeneration of a parathyroid adenoma. Another theory suggests that parathyroid cysts originate from an accumulation of secretions with a gradual enlargement of the cyst [25] . A parathyroid cyst contains a relatively small portion of parenchyma in its volume. Thus, we inferred that parathyroid cysts release relatively small amounts of hormone. In this study, an association between biochemical parameters and the adenoma volume could be attenuated by the relatively high proportion of cystic parathyroid adenomas.
Among five adenomas with cystic change in their pathology, four adenomas showed cyst features in the neck ultrasonography results.
This finding may have practical implications for patients with cystic To the best of our knowledge, this is the first study to report a relationship between biochemical parameters and adenoma volume considering pathologic changes such as cystic change and hemorrhage. This study also had a large sample size.
In summary, our data suggest that biochemical parameters have limited usefulness when estimating the volume of a parathyroid adenoma. The absence of a correlation between the volume of an adenoma and the biochemical parameters is attributed to cystic change in adenomas.
